Cardiovascular disease (CVD) is one of the most important causes of mortality worldwide. Several risk factors have been proposed to be associated with CVD. The main risk factors include family history, smoking, hypertension, history of diabetes, hyperlipidemia and obesity. However, new factors have been recently proposed to be associated with CVD. These include blood homocysteine, fibrinogen, plasma factor VII activity, lipoprotein (a) and several other factors. Nowadays, the role of homocysteine in the development and exacerbation of several diseases has been demonstrated. Extensive studies have been performed on the role of homocysteine in diabetes, preeclampsia, depression, Alzheimer's disease and multiple sclerosis. Homocysteine level increases with age. Moreover, absorption of micronutrients, especially vitamin B12, decreases in old age that could cause a further increase in homocysteine level. On the other hand, elasticity of blood vessels decline with aging, and increased levels of homocysteine accelerate atherosclerosis. The sum of these processes highlights the role of homocysteine in the development and exacerbation of several diseases.
vitamin B12 can increase blood homocysteine level (4). Defective homocysteine metabolism increases its plasma level. The defect could be genetic similar to cystathionine-β-synthase (CBS) deficiency and 5, 10-methylenetetrahydrofolate reductase (MTHFR) or acquired similar to inadequate uptake of folate and vitamin B6/B12 that are cofactors for enzymes necessary for the homocysteine metabolism (5). In early reports in 1964, Mudd et al. showed that the accumulation of homocysteine in blood and urine is due to CBS deficiency (3) . Normal homocysteine level ranges between 5 to 15 μmol/L, and hyperhomocysteinemia is classified as mild (15-30 μmol/L), moderate (30-100 μmol/L) and severe (more than 100 μmol/L) (6). According to some reports, 5-10% of individuals in a population have mild to moderate hyperhomocysteinemia (15-40 μM plasma homocysteine) (7). It is estimated that two thirds of hyperhomocysteinemia cases are due to vitamin B12, vitamin B6 and folate deficiency, while folate appears to be more important in this regard (8). Homozygous CBS subjects or individuals with hereditary defect of cobalamin metabolism have very high levels of homocysteine, and are often subjected to severe and premature atherosclerosis (9). Genetic disorders of the impaired homocysteine metabolism pathway cDNA of CBS, MTHFR, methionine synthase (MTR) and methionine synthase reductase (MTRR) were studied to assess the functional polymorphisms that affect folatehomocysteine metabolism. The most-studied variant is 677C> T polymorphism (Ala222Val) in the MTHFR that causes a minor dysfunction in the enzyme. MTHFR 677TT genotype is associated with increased levels of total homocysteine, particularly in subjects with low folate levels. Other functional variants in the above enzymes include MTHFR 1298A > C (Glu429Ala), 2756A> G, MTR (Asp919Gly), CBS 844ins68
INTRODUCTION
Cardiovascular disease (CVD) is one of the most important causes of mortality worldwide (1) . It is expected that CVD will remain as the most important cause of death (36%) until 2020. It accounts for 17 million deaths per year, and one-fourth of the 40 million annual deaths in developing countries. CVD is also the most common cause of death in Iran (2) . Many risk factors have been proposed to be associated with CVD. The main risk factors include family history, smoking, hypertension, history of diabetes, hyperlipidemia and obesity. However, new factors have been recently proposed and taken into consideration (1, 3) . These include blood homocysteine, fibrinogen, plasma factor VII activity, lipoprotein (a) and several other factors (1) . Although many studies are available on the impact of hyperhomocysteinemia on CVD, the adverse effects of this condition on development and exacerbation of diseases should not be ignored. This review has aimed to report the effects of homocysteine on the cardiovascular system, and the role of this amino acid in other diseases.
MATERIAL AND METHODS
The role of homocysteine in a particular disease was investigated considering each section. Articles published between 2000 and 2013 were searched on PubMed, Google Scholar and Iranmedex. Reviews, non-English and Persian papers, and non-full-text articles were excluded. Several articles were studied for each section, and articles related to the objectives of this review were selected and used.
Metabolism of homocysteine
Homocysteine is formed via trans-methylation of s-adenosylmethionine. It is then added to serine to form cystathionine (vitamin B6-depented reaction) in a process called the transsulfuration pathway, leading to production of cysteine and alpha-ketobutyrate. Insufficient amounts of folate and homocysteine thiolactone plasma levels range between zero to 35nM (mean of 2.82 ± 6.13 nM), which accounts for almost 0.3% of the total homocysteine in plasma. The amount of homocysteine thiolactone is higher in urine (median of 145nM, 11-474 nM range, 2.5-28% urinary homocysteine), while the renal clearance of homocysteine is 0.1-0.3% of creatinine renal clearance. In addition, clearance of homocysteine thiolactone is about 20-700% of creatinine clearance. This suggests that in some people, homocysteine thiolactone is not only filtered in glomeruli but also secreted into the peritubular space. Although there is no relationship between urinary homocysteine and homocysteine thiolactone, there is a positive association between homocysteine thiolactone concentrations in the urine and plasma. These data suggest that the urinary excretion is a main way of removing homocysteine thiolactone from the body. Homocysteine thiolactone attacks various proteins such as fibrinogen, albumin, transferrin, myoglobin, cytochrome C and alpha-2-macroglobulin in vitro and under physiological conditions (pH 7.4, 37 o C). One of the side effects of protein homocysteinylation is blockage of lysine's ε-NH2 groups in collagen that impairs extracellular crosslinks of underlying fibers. Several mechanisms have been suggested that homocysteine thiolactone intensify atherogenesis.
It is likely that homocysteinylated LDLs are more prone to oxidation. Since homocysteinylated LDLs bind to scavenger receptors instead of LDL receptors, they are collected more quickly by macrophages, leading to intracellular cholesterol accumulation and foam cell formation. Moreover, homocysteinylated LDLs induce oxidative stress, and are associated with endothelial dysfunction, a key event in the formation of atherosclerotic plaques. Oxidized LDL triggers an immune response (7).
The role of homocysteine in development of CVD
Temporary angina pectoris and acute and MTRR 66A > G (Ile22Met). Studies have shown that MTR 2756AA homozygotes have significantly higher total homocysteine levels compared to 2756 AG and 2756GG pairs, while CBS844ins68 carriers have lower total homocysteine level than non-carriers, after receiving methionine. Moreover, MTRR 66AG homozygotes have higher homocysteine levels compared to heterozygotes 66AG and homozygotes 66AA (10, 11). Association of homocysteine with vascular damage Study of McCully showed that patients with CBS deficiency face more severe vascular damage compared to other enzymatic defects in the homocysteine metabolism pathway. The vascular damage could be due to homocysteine or one of its derivatives. Wilcken investigated this hypothesis and showed that patients with coronary artery disease (CAD) have abnormal homocysteine metabolism compared to control participants (3). Many effects of plasma homocysteine are due to its atherogenic and prothrombotic features (12) . When blood homocysteine level increases, a major part of homocysteine byproduct appears in the form of thiolactone that interacts with low-density lipoprotein (LDL) and creates LDL-homocysteine thiolactone. It is then collected by macrophages and becomes involved in foam cell formation, ultimately leading to formation of atherosclerotic plaques. Within these plaques, homocysteine thiolactone acylates proteins and alter vascular oxidative processes, resulting in arterial thrombosis. In addition, auto-oxidation of homocysteine leads to formation of superoxide and hydrogen peroxide. This oxygen-derived molecule can participate in LDL oxidation and cause endothelial dysfunction, and stimulate growth of vascular smooth muscle cells (13) . Conversion of homocysteine to homocysteine thiolactone could be due to error in proofreading function of some aminoacyl tRNA synthetases. Homocysteine thiolactone is chemically active and easily acylates free amino acid groups of proteins (14) . Free not only inhibits fibrinolysis but also prevents the formation of endothelial channels and angiogenesis. The inhibition of fibrinolysis decreases the release of fragments from proteolytic breakdown of fibrin that has angiogenic properties (16 (26, 27) . Although the consumption of supplements causes a slight myocardial infarction (MI) are clinically and pathologically similar. The term "acute coronary syndrome" is generally used for both diseases. From the pathological aspect, acute coronary syndrome is identified with detachment of an atherosclerotic plaque, platelet aggregation and active thrombotic process. Mild to moderate increase in circulating homocysteine is associated with increased prevalence of CAD, peripheral vascular disease, stroke and venous thrombosis. Homocysteine can be toxic for the endothelium and reduce nitric oxide bioavailability. This leads to endothelial dysfunction and increased production of proinflammatory cytokines and smooth muscle cells, leading to atherosclerosis progression and plaque destabilization (15) . One of the possible mechanisms for pathogenesis of homocysteine is that elevated homocysteine leads to endothelial dysfunction, reduction of nitric oxide release, increased LDL-oxidation, increased smooth muscle cell proliferation and platelet disorders. In normal populations, 10% of CAD cases are related to homocysteine, while hyperhomocysteinemia has been observed in 25% of patients with CAD. In adults, a 15 μmol/L increase in the total homocysteine level increases the risk of stroke and ischemic diseases by 50% and 30%, respectively (1). Homocysteine increases collagen production and smooth muscle cells proliferation. Prothrombotic effects of homocysteine in patients with acute coronary syndrome and stroke include inhibition of protein C and heparin sulfate, increase in fibrinopeptide A and blood viscosity, activation of factors VIIa and V, and reduction of endothelial antithrombotic activity (6). The two mechanisms known to reduce hyperhomocysteinemia-induced fibrinolysis include changes in fibrinogen by homocysteinylation, development of fibrinogen-derived fibrin relatively resistant to plasmin and increase in thrombin-activatable fibrinolysis inhibitor activity. Other evidence supports the indirect role of angiostatic thrombin. TAFI-mediated increase in thrombin (38) . In the study of Ramachandran et al. (2012) on 50 diabetic patients and 30 healthy controls, diabetic patients were divided into two groups of with complications (n = 19) and without diabetic complications (n = 31). Levels of homocysteine and other conventional variables such as hemoglobin A1C, lipid profile and reduction in homocysteine level, it does not have a significant effect on mortality rates associated with complications of these diseases. The association of homocysteine with serum antioxidant level in the patients with CVD and other diseases has been also investigated. A study reported increased levels of serum homocysteine, superoxide dismutase and red blood cell (RBC) count in patients with MI compared to controls. However, the increase in superoxide dismutase level was not statistically significant (28). Another study investigated the relationship of serum glutathione peroxidase (GPx) and RBC with serum homocysteine level in patients with MI. GPx activity in RBC of patients and controls had no statistically significant difference, but serum activity of this enzyme differed significantly between the two groups. It seems that the increase in GPx is due to cell damage, which is followed by inhibition of free radicals and damages to the cells (29). (47) . According to several reports published on the frequency of thyroid disorders such as study of Neves et al. (48) , it can be concluded that homocysteine level increases in thyroid disorders. It is noteworthy to mention that this increase can be seen in the cases of hypothyroidism and hyperthyroidism, which makes difficult the interpretation of the mechanism of impact of thyroid disorders on homocysteine level or the effect of increased homocysteine level on thyroid function. However, all studies demonstrated the positive impact of taking supplements with thyroid medications on reducing homocysteine level and prevention of vascular complications.
Genetic studies

Homocy0.steine and multiple sclerosis (MS)
Ex vivo studies have shown that homocysteine , even at physiological microalbuminuria were measured to determine the complications of type 2 diabetes. Homocysteine level was significantly higher in patients with diabetic complications (3.0095 μg/ml vs. 2.3037 μg/ml). It was also significantly higher in diabetic patients with CAD (P=0.002), stroke (P=0.000) and neuropathy (P=0.000) in comparison with the control group. Triglycerides and hemoglobin A1C had a positive correlation with homocysteine level (39) . In recent years, many reports have been published on the association of homocysteine with exacerbation of diabetic complications (40) (41) (42) . The results of these studies indicate that vitamin B12, folic acid and homocysteine should be evaluated in diabetic patients and if necessary, medical intervention should be taken into account to keep homocysteine level low. Homocysteine and thyroid disorders Study of Cakal et al. on 20 patients with overt hypothyroidism and 15 patients who had been recently diagnosed with hypothyroidism have shown that pre-treatment homocysteine level was similar to patients with subclinical hypothyroidism and controls. However, the pre-treatment homocysteine level was significantly higher in patients with overt hypothyroidism than in control subjects (10.3±3.4 μmol/L vs. 7.9±0.6 μmol/L). In addition, post-treatment homocysteine level decreased significantly in patients with overt hypothyroidism (43 Homocysteine level in males was higher than that in males (49). Although one cannot be definite about the role of homocysteine in the development of MS, structural changes in the proteins are expected due to the effect of this amino acid, and its increased level can lead to exacerbation of the disease. Due to the neurodegenerative effects on the blood-brain barrier, hyperhomocysteinemia can be studied as a risk factor for diseases such as MS.
Homocysteine and depression
Folate and vitamin B12 are essential for normal functioning of the central nervous system and severe deficiency of these vitamins could lead to memory loss, intellectual disability and depression. Active metabolite of folate is necessary for remethylation of homocysteine and methionine production, which is useful in various biochemical processes (54) . Hyperhomocysteinemia is associated with dementia in old age due to neurotoxic effects, and its role in causing depression has been recently proposed. Insufficient amounts of folate and vitamin B12 are also involved in the impairment of synthesis of neurotransmitters and other molecules involved in regulation of the mental state. Most evidence supports the link between high homocysteine level, low folate and vitamin B12 level and depression. Forti et al. followed up 240 men and 217 women for four years to assess depression. Only in women, homocysteine level was associated with the prevalence of depression. Moreover, the women with low folate and vitamin B12 levels had the highest level of homocysteine (55) (53) . In the study of Zoccolella et al. on 217 MS patients and 219 with neurologic disease (as controls), the mean homocysteine level in MS patients was slightly higher than that of controls. The mean homocysteine level was higher in males compared to females. However, no significant difference was found in homocysteine concentration between males and females of the control group. level showed no correlation with neuropsychological tests (monitoring cognitive function and mini-mental status examination) but had a positive correlation with reduced overall rating for monitoring cognitive function (r=-0.357 and P=0.006) and abstract thinking (r=-0.347 and P=0.01). No significant difference was found between the mean serum homocysteine levels of the study groups (59) . In the study of Saczynski et al. in 2010, among 949 patients that were followed up for 17 years, 824 had no symptoms of depression at baseline and 125 had depression symptoms. The mean homocysteine level at baseline was 12.1 in patients with depression symptoms and 11.0 in those without symptoms of depression (P=0.064). After 17 years, 136 were diagnosed with AD. The homocysteine level in the depressed patients who were diagnosed with dementia were 1.5 times more than those who were not depressed (1.72 HR, 95% CI, 1.04-2.84, P=0.035) (60). Li et al. (2008) studied 191 patients with AD and reported that the mini-mental state examination was inversely associated with homocysteine levels (r=-0.169 and P=0.024), while homocysteine increased significantly with age (r=0.312 and P<0.001) (61) . In the study of Weiner et al. on 11 American-Indian patients with AD and 10 Indian control participants, mean plasma homocysteine level was higher in AD patients (11 vs. 9 .8 μmol/L), but the difference was not significant (62) . In 2011, Rajagopalan et al. studied 732 old people consisting of 203 healthy indivituals, 173 with AD and 356 with mild cognitive impairment. The participants with higher homocysteine level had more white matter atrophy in the brain tissue. This association was found even when the people with mild cognitive impairment were considered separately. Vitamin B supplements such as folate can prevent the homocysteineassociated atrophy. On average, those with hyperhomocysteinemia had less score in the short-term memory test compared to those without hyperhomocyteinemia. Homocysteine level in the people with AD (P=0.0018) and these patients. The patients with abnormal homocysteine level had twice more depression symptoms than those with normal homocysteine level (57) . In the study of Watanabe et al. on 85 pregnant women in their first trimester of pregnancy, 53 women (61.6%) had depression. Logistic regression analysis showed no significant correlation between increased level of homocysteine, folate and vitamin B12 deficiency and the frequency of depression. The mean homocysteine level was 6.0 nmol/mL in depressed women and 6.1 nmol/mL in non-depressed women. Folate level was 8.0 ng/mL in depressed women and 8.2 ng/mL in the non-depressed women (54) . The results of these studies indicate that not all types of depression can be attributed to increased homocysteine level. The majority of studies that have suggested a positive correlation between increased homocysteine and depression were related to old people. In other words, continuous changes are required for the effects of this amino acid on the process of depression that occur in old age. There are some contradictory results that may require a new mechanism for tracking the functioning pathway of this mysterious amino acid. For example, Alexopoulos et al. studied the cognitive function of 25 healthy individuals and 40 depressed elderly. The depressed patients with higher homocysteine level had better cognitive function than the patients with homocysteine levels ≤ 11.7 μmol/L. the homocysteine level had a positive correlation with phonological processes (P=0.002). The mean homocysteine level was 11.32±4.87 μmol/L and 14.02±6.47 μmol/L in the controls and depressed patients, respectively. These researchers claimed that there is a positive correlation between homocysteine level, verbal expression and psychomotor speed under certain circumstances in depression in old age (58) .
Homocysteine and Alzheimer's disease (AD)
In the study of Tu et al., 92 patients with AD were followed up for 2 years and compared with 67 healthy old individuals. Homocysteine and duration of folic acid consumption. The mean homocysteine level was 9.16 ± 4.54 and 8.22 ± 3.38 μmol/L in the preeclampsia and control groups, respectively (P=0.01) (66). Laskowska et al. examined 49 pregnant women with normal blood pressure and intrauterine growth restriction (IUGR), 31 with preeclampsia and IUGR, 35 with preeclampsia and newborns with suitable birth weight and 47 healthy pregnant women with normal blood pressure as controls. A high level of homocysteine was observed in the women with IUGR compared to controls. The Homocysteine level was higher in the women with preeclampsia. The highest level of homocysteine was observed in the women with preeclampsia and newborns with suitable birth weight (67) . In a study by Khosrowbeygi et al., 30 pregnant women with preeclampsia and 30 healthy pregnant women were studied. The homocysteine level was significantly higher in the women with preeclampsia compared to controls. In addition, the homocysteine level was significantly higher in the women with severe preeclampsia than that in the women with mild preeclampsia. The homocysteine level was 5.72±0.18 and 17.18±1.12 μmol/L in healthy pregnant women and women with preeclampsia, respectively (68) . Similar results have been reported by Rahimi et al. (69) and Mao et al. (70) . In a study conducted in 2011 by Mujawar et al., 50 pregnant women with preeclampsia and 50 normal controls were followed up for three years. In the preeclampsia group, homocysteine, folic acid and vitamin B12 levels had significant changes in comparison with those in the control group. Moreover, an inverse relationship was observed between homocysteine, folic acid and vitamin B12 in the patients with preeclampsia (71). The published reports on the relationship between homocysteine level and preeclampsia not only confirm this relationship, but also show an association between plasma homocysteine level and severity of preeclampsia. Increasing relationship was found between homocysteine mild cognitive impairment (P=0.015) was higher than that in controls (63) . With aging, the absorption of vitamins becomes impaired, especially vitamin B12. The reduced vitamin level is accompanied with an increased level of homocysteine in blood, which could be one of the mechanisms that cause dementia in old age. However, one cannot come to a definitive judgment only because the increased homocysteine level is accompanied with aging. If studies report that the reduced homocysteine level , which is caused by vitamins supplementation, could stop the disease progression, this cause and effect relationship could be further studied. But until then, it is recommended to measure vitamin B12, folic acid and homocysteine in elderly. Homocysteine and preeclampsia Fei et al. conducted a study on pregnant women consisting of 30 healthy participants, 15 with pregnancy-induced hypertension (PIH) and 40 with preeclampsia. Compared to healthy pregnant women, homocysteine level was significantly higher in the pregnant women with preeclampsia and PIH. The mean homocysteine level in the women with severe preeclampsia (n=22) and with mild preeclampsia (n=18) was 26.4 ± 2.33 μmol/L and 19.1 ± 3.98 μmol/L, respectively. The mean homocysteine level was 10.3±2.06 μmol/L in healthy pregnant women and 15.9± 2.46 μmol/L in ones with hypertension (64) . In the study of Javadi et al. on 60 pregnant women without hypertension, 55 with mild preeclampsia and 53 with severe preeclampsia, the homocysteine level in the women with severe preeclampsia was significantly higher than that of controls. However, no significant difference was found between the control group and the patients with mild preeclampsia (65) . In the study of Mahdavian et al. (2011) on 30 pregnant women with preeclampsia and 30 women with normal blood pressure, the two groups had no difference in terms of amount and duration of folic acid supplementation during pregnancy but had significant differences in term of homocysteine level. No Dopa+entacapone were compared. The mean level of homocysteine was higher in the first group than that of the second group. No significant difference was observed in the homocysteine level of the two groups after the addition of entacapone to L-Dopa. These results suggest that those under long-term treatment with L-Dopa have increased plasma level of homocysteine (75) under treatment with LDopa/carbidopa and 18 healthy controls, and classified the patients into two groups of patients with cognitive impairment (n=12) and without cognitive impairment (n=30). The patients of group I had significantly higher homocysteine level and cognitive and motor impairment compared to that of group II. There was a significant positive correlation between homocysteine level and the severity of the disease (72) . In the study of Lee et al., 28 patients under treatment with LDopa/carbidopa, 25 with L-Dopa/carbidopa inhibitors and 23 controls were followed up for more than a year . The homocysteine level in the patients treated with L-Dopa/carbidopa (14.9±5.3 μmol/L) increased significantly compared to the group treated with inhibitors of L-Dopa/carbidopa (11.9±5.3 μmol/L) and the control group (11.1±2.5 μmol/L). In addition, homocysteine had an inverse relationship with the number of endothelial progenitor cells (73 (74) . In an interventional study by Nevrly et al., the homocysteine level of two groups including a group of 30 patients under long-term L-Dopa treatment and a second group of 10 patients treated with L-metabolism in the people at risk, especially in old age.
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CONCLUSION
Homocysteine level increases with age. Moreover, the absorption of micronutrients, especially vitamin B12, decreases in old age that could cause a further increase in homocysteine level. On the other hand, elasticity of blood vessels decline with aging, and increased levels of homocysteine accelerate atherosclerosis. The sum of these processes highlights the role of homocysteine in the development and exacerbation of several diseases. Therefore, it is recommended to consider seriously measurement of this amino acid and vitamins related to its 25 
